This research was carried out to evaluate the prevalence of carotid and/or lower limb artery abnormalities in patients with arterial erectile dysfunction (ED). To this end, patients with ED (Andrology Unit) or suspected peripheral atherosclerosis (Angiology Unit) underwent an independent and parallel echo-Duplex examination. The Andrology Unit examined 167 patients with ED of different etiologies: 52 of them had penile artery insufficiency and consequently their carotids and lower limb arteries had to be evaluated by means of echo-Doppler. In all, 36 out of the 46 patients with nonarterial organic ED and 22 out of the 69 patients with nonorganic ED underwent the same evaluation and served as controls. The Angiology Unit enrolled 457 ED patients who initially underwent echo-Doppler for suspected carotid and/or arterial leg atherosclerosis and subsequently dynamic echo-Doppler. Isolated penile artery insufficiency was found in 23.1 and 25% of the patients evaluated in the Angiology and Andrology Units, respectively. The remaining patients were shown to have ED associated with an atheroma or marked intima-media thickness of the carotid vessels and/or of leg arteries. The frequency of penile arterial insufficiency and of carotid and/or lower limb artery abnormalities was significantly higher (Po0.01) compared to that found in patients with ED of nonarterial organic or psychogenic origin. Both Units found that the frequency of penile artery insufficiency and carotid or lower limb artery abnormalities was significantly higher than that of penile artery insufficiency alone or plus both carotid and lower limb artery abnormalities. This study showed that penile artery insufficiency is associated with carotid and/or lower limb artery ultrasound abnormalities in about 75% of the cases. Therefore, arterial ED may be regarded as a sign of a more generalized atherosclerosis.
Introduction
Erectile dysfunction (ED), defined as the nonoccasional inability to attain and maintain an adequate erection for satisfactory sexual performance, 1 is commonly due to one or more of the following: arterial insufficiency, excessive blood outflow due to dysfunctional corporal veno-occlusive mechanisms, abnormal neurogenic and endotheliummediated control of penile smooth muscle, endocrine abnormalities and psychogenic factors. A wide range of age-associated chronic medical conditions such as diabetes, cardiovascular diseases, depression, some pharmacological treatments or surgical procedures (radical prostatectomy, cystoprostatectomy and proctocolectomy) have a considerable impact on the prevalence of ED. [2] [3] [4] [5] [6] In some cases the etiology of ED is multifactorial.
Alterations of arterial or venous blood flow into and out of the penis are the most common causes of organic ED. Due to the terminal nature of penile arteries, any impairment of the arterial supply of the penis may result in arterial failure that leads to ED. 7 A strong association between ED and other important vascular diseases has been reported. Indeed, penile hemodynamic impairment (low penile-brachial pressure index) has been shown to be associated with other signs of atherosclerosis, such as ischemic heart disease and arterial leg disease, 2 as well as with major vascular phenomena, such as myocardial infarction, cerebro-vascular accidents and intermittent claudication. 8, 9 The presence of risk factors in arterial diseases, such as hypertension, hyperlipidemia, diabetes and cigarette smoking, increases the rate of ED 3, 7, [10] [11] [12] by worsening the cardiovascular function and thus increasing the likelihood of developing vascular ED. Therefore, this research was carried out to evaluate whether vascular ED may be one of the early signs of a still unrecognized systemic cardiovascular disease or whether its appearance may be a marker of the progression of an underlying cardiovascular disease and/or peripheral atherosclerosis. In order to accomplish this, two distinct University settings (an Andrology and an Angiology Unit) performed independent echo-duplex examinations on two cohorts of vascular ED patients, to evaluate the frequency of carotid and/or lower limb atheroma lesions in patients with arterial penile insufficiency.
Patients and methods

Patient selection
The Andrology Unit examined 167 consecutive patients with ED (mean age 54 y, range ). An organic cause of ED was identified in 98 patients, 52 of whom had arterial insufficiency (peak systolic velocity o30 cm/s and nontemporal systolic peak progression). The carotid and lower limb arteries of these patients were evaluated using echo-Duplex technique. In all, 36 out of the 46 patients with nonarterial organic ED and 22 out of the 69 patients with nonorganic ED were subjected to the same pluridistrict arterial evaluation and served as controls.
The Angiology Unit examined 457 consecutive male patients (mean age 62 y, range 51-73) using the peripheral arterial echo-Duplex technique called for by a suspected peripheral (carotid and/or lower limb) atherosclerosis. The patients had concomitant ED (low-intermediate score in the 5-items questionnaire IIEF5). 12 They thus underwent a dynamic arterial echo-Duplex technique following intracavernosal injection of alprostadil, so that the frequency of penile arterial insufficiency could be evaluated.
The protocol was approved by the Institutional Review Board and an informed written consent was obtained from each patient.
Clinical history and physical examination
All patients were interviewed to establish the time and the mode of ED onset, the quality of penile tumescence and rigidity, libido and sexual insufficiency. Clinical history included the identification of the main vascular risk factors, such as cigarette smoking, hypertension, hyperlipidemia and diabetes mellitus. A clinical examination was conducted to evaluate the presence of penile malformations, small or hypotrophic testis (o4 or o12 ml, according to the Prader's orchidometer, respectively), penile sensibility, cremasteric reflex and femoral pulses. The physical examination also included the auscultation of carotid arterial murmurs and the palpation of arteries in the penis and lower extremities.
Patients were excluded from the study if they had severe (WHO stage III) 13 hypertension and/or a complicated multidrug antihypertensive regimen, severe hyperlipidemia (total serum cholesterol concentration exceeding 280 mg/dl and/or serum triglyceride concentration exceeding 350 mg/dl) and/or poor blood glucose control (fasting blood glucose 4200 mg/dl).
Laboratory testing and echo-Duplex examination
Laboratory analyses included blood glucose before and after meals, triglycerides, total and HDL-cholesterol and hormone profile (testosterone, luteinizing hormone and prolactin). When an organic etiology of ED was suspected, the patients were subjected to a dynamic echo-color Doppler test of the penile arteries with the help of a pulsed Doppler analysis, following intracavernous injection of 15-20 mg of alprostadil to determine changes in the diameters of the cavernosal artery and in the velocity of blood flow.
Subclinical atherosclerosis was defined by the presence of established cardiovascular risk factors (age, hypertension, diabetes, hyperlipidemia and cigarette smoking) and ultrasound lesions of the structure of vascular (carotid and lower limb arteries) walls, such as: (a) hemodynamically nonsignificant stenosis (o50% external carotid and/or lower limb artery diameter reduction); 14, 15 (b) marked (0.5-4 mm) intima-media thickness of the carotid artery, measured by means of B-mode ultrasonography; 16 (c) homogeneous or heterogeneous atheroma plaques (43 mm).
Outcome of the clinical approach adopted: classification of ED ED was classified as organic due to arterial insufficiency ('failure to fill') on the basis of the following evidence:
(a) Insidious, progressive loss of erectile capabilities, with a consistent drop lasting for more than ED and coincidental peripheral arterial diseases E Vicari et al 1 y in rigidity or the ability to sustain morning coitus or masturbation-related erections. (b) Cavernosal artery insufficiency (blood flow velocity o30 cm/s and nontemporal progression of the systolic peak) 17 diagnosed by means of dynamic echo-color Doppler following intracavernous alprostadil administration.
In the remaining ED patients other organic nonarterial causes (venous, endocrine and neurological) were established on the basis of the following criteria:
Venous ('failure to store') (a) (a1) Failure to maintain erectile function; (a2) Peyronie's disease plaques and/or (a3) documented history of elevated infusion flow rates or rapid falls in intracaversonal pressure following pharmaco-cavernosometry. (b) Normal hormonal profile (serum testosterone and prolactin levels). (c) Indirect evidence of altered corporal veno-occlusive mechanism with signs of low venous-outflow resistance (persistent 45 cm/s and nontemporal decreasing diastolic peak) obtained by means of echo-color Doppler following alprostadil injection (even after audiovisual sexual stimulation).
The diagnosis of venous leakage was made when the criteria b, c and a1, a2 or a3 were fulfilled. Endocrine Finally, ED was regarded as having a nonorganic cause when the following conditions were present:
(a) acute onset, related to a specific event;
(b) history of normal erections on awakening and following masturbation; (c) performance anxiety; (d) normal arterial and venous dynamic flux; (e) normal endocrine profile; (f) no diabetes mellitus: normal fasting and postprandial blood glucose; (g) negative history regarding spinal-cord injury or diseases; (h) psychosocial history including aspects connected with the patient's relationship with his partner, any economic or social stress, and the possibility of affective disorders.
Statistical analysis
The statistical analysis was performed by applying w 2 or Fisher's exact tests, where appropriate. A Pvalue lower than 0.05 was considered statistically significant.
Results
Andrological cohort of patients
An organic cause was found in 98 out of the 167 (58.7%) ED patients: 52/167 (31.1%) had arterial insufficiency and 46/167 (27.6%) had an organic nonarterial ED, including veno-occlusive dysfunction (35 patients), endocrine abnormalities (seven patients) or neurological diseases (four patients). The other 69/167 (41.3%) patients were classified as having nonorganic ED. A significant different prevalence of arterial, nonarterial organic and psychogenic ED was found in patients younger or older than 50 y (Figure 1 ). In particular, the prevalence of organic (arterial and nonarterial) ED was significantly higher (Po0.01) in patients older than 50 y ED and coincidental peripheral arterial diseases E Vicari et al compared to that in patients within the age range of 30-50 y. In contrast, younger patients had a higher prevalence of psychogenic ED.
Angiological cohort of patients
All angiological patients had an IIEF5 score indicating moderate-to-severe ED. A dynamic arterial echocolor Doppler treatment following intracavernosal injection of alprostadil showed arterial impairment in 182/457 (39.8%) patients and veno-occlusive dysfunction in 179/457 (39.2%) patients. The remaining 96/457 (21.0%) patients did not have any vascular penile abnormalities.
Comparative evaluation of the andrological and angiological cohorts of patients
The prevalence of carotid and/or lower limb artery abnormalities, indicative of subclinical atherosclerosis, found in the ED patients with penile artery insufficiency enrolled by the Andrology Unit was significantly higher (Po0.001) than that found in patients with ED of nonarterial organic or psychogenic origin (Table 1) . In all, 13 out of the 52 (25.0%) ED patients with penile arterial insufficiency had no abnormalities in the other arterial districts examined. In all, 11 (21.1%) and 17 (32.7%) patients from the same group had atheroma plaques (43 mm) and/or marked intima-media thickness also in the carotid or lower limb arteries, respectively. The remaining 11 patients (21.1%) had ultrasound abnormalities in all three districts examined (Table 1) . Therefore, the frequency of ED patients with penile artery insufficiency plus one abnormal arterial (carotid or lower limb) district was significantly higher than that of patients with none or two extrapenile arterial district abnormalities ( Table 2) .
The parallel assessment performed by the Angiology Unit corroborated the data found by the Andrology Unit, confirming that in the subgroup of patients with arterial ED the frequency of carotid and/or lower limb artery ultrasound abnormalities was significantly higher (Po0.001) than it was in patients with ED due to veno-occlusive dysfunction or in its nonvascular form (Table 1) . Furthermore, the data produced by this Unit also confirmed the presence of arterial abnormalities in multiple districts in patients with arterial ED. In particular, 42 out of the 182 (23.1%) ED patients with penile arterial insufficiency manifested no abnormalities in the other arterial districts examined. In all, 33 (18.1%) and 72 (39.5%) patients had atheroma plaques (43 mm) or increased intima-media thickness also in the carotid or lower limb arteries, respectively. The other 35 (19.2%) patients had artery ultrasound abnormalities in all three districts examined ( Table 2) .
Comparison with the extension of atherosclerosis to other arterial districts in patients with ED recruited from an andrological or angiological setting did not show any statistically significant difference.
Discussion
In older men, ED is a common condition often associated with vascular disease. Endothelial dysfunction without definitive arterial stenosis, as well as atherosclerosis with definitive stenosis of blood ED and coincidental peripheral arterial diseases E Vicari et al vessels contribute to the problem. Endothelial dysfunction and atherosclerosis of blood vessels that supply the penis are associated with the same cardiovascular risk factors (smoking, diabetes mellitus, hypertension and hyperlipidemia) which affect coronary arteries. 11, 15, 16 It has been reported that transforming growth factor-b1 and its type II receptor are significantly more noticeable in the cavernous tissue of patients with vasculogenic ED than they are in control subjects or psychogenic ED and that their prominence correlates with the degree of fibrosis of the cavernous tissue as shown by the abundance of collagen fibers following the percutaneous cavernous biopsy. 17 Patients with cardiovascular disease run more risks of developing ED. This may be a consequence of the atherosclerosis of penile arteries, 10 and ED may appear before angina symptoms in almost 70% of the cases. 18 Since atherosclerosis accounts for nearly half of all the cases of ED in patients older than 50 y, 7, 19 penile artery abnormalities in these patients may figure as an ominous sign of the presence of a generalized arterial or arteriolar insufficiency 19, 20 or of atherosclerosis in other parts of the body. This stresses the need for a careful assessment of symptoms of heart and/or peripheral vascular disease in patients with arterial ED. On the other hand, patients with ED but with no clinically evident cardiovascular diseases have a peripheral vascular defect in endothelium-dependent and independent vasodilation, which occurs before the development of other overt functional or structural systemic vascular diseases. 21 Our own results and other evidence in the literature 8, 22 suggest that arterial ED may be regarded as a sign of a broader picture of atherosclerosis. This assumption is supported by a recent correlation between retinal vascular disease and cavernosal arterial low systolic peak. 22 Accordingly, our data showed that isolated penile arterial dysfunction was present in a low number of patients who had been referred to different specialist settings because of their initial prevalent clinical illnesses: ED or peripheral atherosclerosis. The presence of carotid and/or lower limb artery abnormalities, such as intima-media thickness, hemodynamically insignificant grading stenosis and atheroma plaques, pointed to atherosclerotic changes in multiple arterial districts, whether in the vicinity or not of the cavernosal vessels, and stressed the need for a careful evaluation of penile function and atherosclerotic manifestations in patients with apparently different clinical symptoms of arteriopathy (ED, intermittent claudication, vertigo).
In conclusion, this research even more clearly shows that patients with ED due to penile arterial insufficiency should be carefully screened for the presence of not yet clinically relevant signs of arterial insufficiency in other districts of the body.
Hence, arterial ED may be regarded as an ominous sign of a more generalized atherosclerosis.
